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| Abstract: The present study describes the effects of light conditions, different kinds and concentrations of auxins [Naphthylacetic acid (NAA)
and dichlorophenoxyacetic acid (2,4-D)] with cytokinin (Kin) in MS medium on callus induction and embryogenesis in Crataegus pseudohete-
rophylla, C. aronia and C.meyeri. At first leave explants sections were cultured on different combinations of plant growth regulators in dark and
light for callus initiation and light conditions to evaluation the percentage and duration of survival, callus diameter, callus fresh weight and dry.
Results of effects of plant growth regulators and light conditions on callus initiation revealed that highest percentage of callus initiation leaves
in treatment (0.5 mg/l 2.4-D+0.5 mg/l KIN) for species C.pseudoheterophylla in dark conditions (100%). Dark conditions (100%) were more
effective on callogenesis than light conditions (Photoperiodicity of 16-h and at light intensity of 40 pumol m2s™). The callus induction of in vitro
(64-100%) leaves was better than the ex vitro ones (0-100%). The combination of 2,4-D and Kin of in vitro leaves callogenesis has been indicated
faster (one weeks) than the other combinations. The results also showed that the highest percentage (100%) and survival duration (6 months) was
found in species C. pseudoheterophylla and C. meyeri in 0.1 mg/12,4.D + 0.5 mg/l KIN and 0.5 mg/1 2,4.D + 0.5 mg/l Kin. The minimum survival
(0%) was absorbed in species C. aronia in 1 mg/l NAA. Maximum callus (10.63 and 10.00 mm respectively) was shown in 0.1 mg/1 2,4.D + 0.5
mg/1 Kin and 0.5 mg/12,4.D + 0.5 mg/l Kin and was not significant differences after five week among species. The results showed that the highest
fresh (1081.49 mg) and dry weight (506.88 and 506.98 mg respectively) was absorbed in species C. pseudoheterophylla in 0.1 mg/1 2,4.D + 0.5
mg/1 Kin and 0.5 mg/1 2,4.D + 0.5 mg/l Kin. The embryogenesis was not occurred in any plant growth regulator combinations and species. The
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results of this study suggested that using 2,4-D with cytokinin (Kin) would be more beneficial for callogenesis.
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Introduction

Hawthorn (Crataegus spp) is a common name of
all plant species in the genus Crataegus that belongs
to the Rosaceae family. In this genus, there are around
280 species (1, 2). This genus contains 22 species and
five families in Iran (3). Generally it is distributed in
the Northern hemisphere. Hawthorn plants are highly
drought tolerance and are recommended for water
conserving horticultural practices. In Turkey, wild-
grown hawthorn plants are often top worked with pears
and less frequently with apples (5). Hawthorns are ge-
nerally propagated by seed but germination is difficult
(6). The hawthorn commonly is valuable grafting-stock
for quince and shadbush (7). The hawthorn during the
past decade has been classified as an endangered spe-
cies. In addition hawthorn species are listed as medici-
nal plants in pharmacopoeias due to their high contents
of flavonoides (8). Moreover, many independent studies
have been shown that Crataegus extracts display strong
antioxidant potential (9,10). The studies showed that
the extracts reduce blood pressure and total plasma cho-
lesterol (1,11,12). Usually in many cases, the first step
in plant tissue culture is callus induction optimization.
Callus is an amorphous tissue of proliferating and undif-
ferentiated parenchyma cells which frequently occurs in
response to wounding at the cut edge of living tissue.
All types of plant organs like roots, stems, leaves, etc.
and tissues can be used to induce the growth of callus
(13).

The level of plant growth regulators plays a key

factor that affects callus formation and growth in the
culture medium. The auxin commonly used for callus
induction is 2,4-D but NAA and [AA are also used (14).
Application of BA and NAA has improved callus induc-
tion rate in Eustomagrandi florum L. (15). The type and
concentration of growth regulators depends strongly
on the genotype and endogenous hormone content of
explants (13). After being induced, callus tissue can be
usually sub-cultured to a new fresh media for further
growth. When sub -cultured regularly, callus will exhibit
S-shape or sigmoidal pattern of growth during each pas-
sage. For many species subculture period ranges from
three to six weeks (13). The callus culture in Hawthorn
has been reported for the first time in 1977 by Schrall
and Becker. The Crataegus monogyna callus and cell
suspension cultures initiated from floral buds were used
for the analysis of polyphenols constituents, their pro-
duction levels and their antioxidant activity (1,16). Type
of medium used for micropropagation is also effective
successfully. In the case of ornamental plants which are
cultivated in vitro, the manipulation of physical culture
conditions can drastically ameliorate the final effect of
propagation protocols (17,18,19).Somatic embryogene-
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sis through callus culture or leaf of differentiated cells,
hypocotyl, zygote embryos, etc. can be achieved under
in vitro conditions (20,21). Somatic embryogenesis is
physiological process that vegetative cells, embryo-
nic cells are induced under conditions representative
(22,23). The somatic embryogenesis is involves the
development of bipolar embryos from vegetative cells
susceptible embryogenic in in-vitro conditions (24).
Nugent and Chandler (2001) (25) reported somatic
embryogenesis and regeneration by hormones IBA and
2,4-D on the species Eucalyptus globules.

The highest frequency of embryogenesis in apricot
cultivar Nonko was obtained from immature cotyle-
dons harvested about 80 days after flowering on WPM
containing 3% sorbitol,1pm 2,4-D and 1 pm BA after
60 days of culture in the dark at 25°C. Production of
somatic embryos in grapes affected by various factors
such as genotype (26,27(, the explants type, time of
collection (28,29) and culture medium (30). There are
some reports that have shown propagated of hawthorn
through cutting and seed germination is difficult. The-
refore it seems necessary to propagation through tissue
culture. Nowadays the important goal of experiments is
to elaborate innovative and at the same time economi-
cally justified technologies. So far as we know, till now
there are not enough reports on the effect of different
concentration of hormone, environmental conditions
to callus induction and plant regeneration in respect of
physiological and morphological development in Haw-
thorn.

In plant tissue culture auxins are broadly used for
callus induction. Auxins are involved in cell division,
cell elongation, vascular tissue differentiation, cell
dedifferentiation, rhizogenesis and root formation,
embryogenesis and inhibition of axillary shoot growth
(31,32,33). It seems that auxins cause DNA to become
more methylated than usual and this might be necessary
for their programming of differentiated cells and make
them beginning division (32). The cytokinins (CKs)
are derivatives of Adenine and seem to be required to
regulate the synthesis of proteins which are involved in
the formation and function of mitotic spindle apparatus
(31,32). Generally, CKs used in plant tissue culture are
BAP, zeatin, kinetin and CK-like TDZ. In sweet potato
TDZ or BAP was not recommended for shoot develop-
ment. However, they were useful for callus induction
(34). Many researchers mentioned light had significant
effect on callus growth and morphogenesis. The inhibi-
tion of axillary shoot proliferation and induction of spe-
cific enzyme activity are concerned with the formation
of some flavonoid glycoside secondary products (32).
In this study the callus induction and embryogenesis of
different species of Hawthorn under different hormonal
conditions and the compositions was evaluated.

Materials and Methods

Leaves of Crataegus species grown under in vivo and
in vitro conditions were used as a source of plant mate-
rial. The leaves were taken during August from 30 years
old tree of Crataegus species grown in the free condi-
tions in the Sahneh, Kermanshah, Iran (N3429'E47°42)
and leaves cultured under in vitro conditions in Tissue
Culture Laboratory of Zagros Bioidea Co., Razi Univer-

sity Incubator, Kermanshah, Iran.

Sterilization of leaves

The explants [average in size 55 mm] were placed
under running tap water for 30 minutes. Surface sterili-
zation of the samples was conducted using 70% ethanol
for 30 seconds followed by being washed for 10 minutes
with 1% sodium hypochlorite (NaOcl). The explants
were then rinsed with sterile distilled water three times
for 15 minutes (about in vivo leaves) and were used for
induction of callus.

Establishment of callus culture

The in vitro explants derived cultured on MS me-
dium (supplemented by 30 g/l sucrose) and in petri
(100 ml) containing 25 ml of medium MS with the petri
being capped with aluminum foil caps. Agar (8 g/l) was
added to the medium after pH being adjusted to 5.7.the
petri and medium was autoclaved at 0.12MP a pres-
sure for 20 minutes and at 121 °C. The cultures were
grown at 24+1°C in a Photoperiodicity of 16-h and at
light intensity of 40 umol m™s™' supplied through white
fluorescent tubes and dark conditions. The calli formed
(1 g) sub-cultured to a new fresh medium at every 5
weeks intervals. The sub-culturing was performed wit-
hin 5 cycles in order to select for a fast-growing callus
line. The frequency of callus induction was calculated
according to the following equation:
Callus induction frequency (%) = (number of calli pro-
ducing explants/total number of explants in the culture)
x100.

Effect of different concentrations of hormone on cal-
lus induction of Crataegus species

The concentrations of hormones [1, 2, 3 mg/l NAA
and 1, 2, 3 mg/l NAA + 0.5 mg/l KIN and 0.1, 0.5 mg/I
2,4-D + 0.5 mg/l KIN] were used for callus induction
experiment. /n vitro and in vivo leaves cultivars of
Crataegus were placed on MS medium supplemented
by above various hormones. The cultured leaves were
incubated at 2441 °C in 16/8 h light/dark cycle and dark
conditions for callus induction. Two weeks after culture,
the frequency of callus induction (%) and size of callus
[(width + length)/2] were recorded.

Effects of different hormone concentrations and spe-
cies on callus growth

To find out for the best concentration of hormone
and species for callogenesis, after calli cultivation, the
samples were collected at certain time intervals and
growth was determined.

The growth of calli was determined by measuring
the increase in fresh weight and dry weight (DW). For
dry weight calculation, the calli were placed on a petri
dish and dried at 50 °C in an oven to a constant weight.
Results were expressed as DW (mg).

Fresh weight (%) = [(Initial weight — final weight)/Ini-
tial weight] x 100

Total dry weight of calli was measured after dehydra-
tion treatment at 50 °C for two days.

Effect of different concentration of hormone and
species on percent and term viability of callus
Percent and term viability of callus cultivars haw-
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thorn in different hormonal concentrations were measu-
red within 6 months. Calli formed transferred to a new
fresh media at every 2 weeks intervals.

Effect different concentration of hormone, species,
culture medium on embryogenesis

The applied hormone treatments were called as T1 to
T8 as the following:

After one month calli derived [1(T1), 2(T2), 3(T3)
mg/l NAA and 1(T4), 2(T5), 3(T6) mg/l NAA + 0.5
mg/l KIN and 0.1 (T7), 0.5 (T8) mg/l 2,4-D + 0.5 mg/l
KIN] were transferred to somatic embryogenesis me-
dium. We used MS and 1/2 MS medium for induction of
somatic embryos that supplemented by free hormone, 1,
2,3 mg/l TDZ, 5 to 2.5 to 0 mg /1 2,4-D and 2.5 to 0
mg/l 2,4-D for two weeks (each concentration for two
weeks). Then media were transferred to MS and 1/2
MS medium (free - hormone) for three months.

Experimental Design and Statistical Analysis

The experiments were conducted using factorial ex-
periment with Completely Randomized Design (CRD)
with three replications. The mean comparison test was
LSD. Analysis of variance (ANOVA) was performed
using SAS computer package and the results has been
shown as means + standard deviation (SD).

Results

Effect of different concentration of hormone, envi-
ronmental condition, type explant and species on
callus induction of Crataegus

Leaf-derived calli of hawthorn grown on MS media
supplemented by different concentrations of 2,4-D com-
bined with different concentrations of NAA and KIN
began to appear after 1 weeks. Data presented in Tables

1, 2 and 3 demonstrate the effects of using 8 different
growth regulators combinations on percentage of calli
Induction. Results showed that in ex-vitro leaves in dark
conditions treatment 8 produced the maximum percen-
tages of callus (100%). Whereas in the light conditions
treatment 5 produced the maximum percentages of
callus (21.6%) in species C. meyeri. In in-vitro leaves
in dark and light conditions treatment 8 produced the
maximum percentages of callus (100%) and this leaves
species pseudoheterophylla produced the maximum
percentages of callus (100%) in dark conditions.

Effect of different concentration of hormone and
species on Callus Growth

To evaluate the effect of different concentration
of hormone and species on Callus Growth, during
five weeks after culture, the size of callus [(width +
length)/2] (Fig.1,2) and callus fresh/dry weight (Fig.
3,4) on different concentration of hormone and species
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Figure 1. The comparison of hormone compositions on callus size

in different species in hawthorn first week after culture.

Table 1. Percentage of callus induction from in vitro leaves, ex vitro leaves on MS media under dark and light conditions after four weeks (C.

meyeri).
Explant Callus induction in light conditions (%) Callus induction in dark (%)
Treatment T1 T2 T3 T4 T5 T6 T7 T8 T1 T2 T3 T4 T5 T6 T7 T8
In vitro leaves 64.3 690 710 71.6 763 78.6  97.0 100 79.0 813 80.0  85.6 88 88.3 100 100
Ex vitro leaves 14.0 126 163 143 216 15.0 0.0 0.0 646 656 80.6  80.0 83 85.0 100 100

Table 2. Percentage of callus induction from in vitro leaves, ex vitro leaves on MS media under dark and light conditions after four weeks (C.

pseudoheterophylla).
Explant Callus induction in light conditions (%) Callus induction in dark (%)
Treatment Tl T2 T3 T4 T5 T6 T8 Tl T2 T3 T4 T5 T6 T7 T8
In vitro leaves 87.3 91.0 93.0 88.66  93.66 9533 100 100 100 100 100 100 100 100 100
Exvitro leaves 133 13.33 13.66 1333 18.66  16.33 0 68.66  66.33 78 763 823 80.6 75.6 100

Table 3. Percentage of callus induction from in vitro leaves, ex vitro leaves on MS media under dark and light conditions after four weeks (C.

aronia).
Explant Callus induction in light conditions (%) Callus induction in dark (%)
Treatment T1 T2 T3 T4 TS T6 T7 T8 T1 T2 T3 T4 TS T6 T7 T8
In vitro leaves 653  68.66 72.0 72.0 7533 79.66 973 100 80.0 82.0 80.0 84.0 88 82.6 100 100
Exvitro leaves  14.0 140 1533 1533 2133 17.66 0 0 65.66 6433 79.66 773 84.6 83.6 100 100
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Figure 2. The comparison of hormone compositions on callus size

in different species in hawthorn five week after culture.

were recorded. Results showed that treatment type gave
statistically significant effect on callus growth (p<0.01).
Treatments 7 and 8 supplemented with 0.1 mg/L 2,4-D
+ 0.5 mg/l KIN and 0.5 mg/L 2,4-D + 0.5 mg/1 KIN that
were gave the highest mean size of callus (12.33 and
11.66 mm respectively) five week after culture com-
pared to the other treatment. In evaluate the effect of
species type on Callus Growth (size of callus), results
showed that in the first week species C. pseudohete-
rophylla and C. aronia gave the highest mean size of
callus (8 mm) compared to the other species. However
in the next few weeks were not significant differences
between the species. Result showed that the highest
mean callus fresh weight in first week (1061.12 and
1059.84 mg) gave in treatment 8 and 7 respectively.
While that the five weeks after culture, highest mean
callus fresh weight (1093.49 mg) was observed in the
treatment 8. The statistical analysis showed that there
were significant differences between species for callus
growth (p < 0.01). The C. pseudoheterophylla species
gave the highest mean callus fresh weight (1093.49 mg)
compared to the other species after five weeks culture.
In evaluate the effect of type species and concentration
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Figure 3. A) The comparison of hormone compositions on fresh
weight in different species in hawthorn first week after culture. B)
The comparison of hormone compositions on fresh weight in dif-
ferent species in hawthorn five week after culture.
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Figure 4. A) The comparison of hormone compositions on dry
weight in different species in hawthorn first week after culture. B)

The comparison of hormone compositions on dry weight in dif-

ferent species in hawthorn five week after culture.

of hormone on Callus Growth (dry weight of callus)
showed that in the first two weeks species C. pseudohe-
terophylla gave the highest mean dry weight of callus
(505.76 mg) compared to the other species. In the five
weeks after culture the C. pseudoheterophylla gave the
highest mean dry weight of callus (507.68 mm). Result
showed that the highest mean callus dry weight (507.68
mg) gave in treatment 0.1 mg/l 2.4-D + 0.5 mg/l KIN
and 0.5 mg/l 2.4-D+0.5 mg/l KIN.

Effect of different concentration of hormone and
species on percent and term viability of callus

Significant differences were recorded under different
treatment and species (Fig.5). Results showed that treat-
ment type gave statistically significant effect on percent
and term viability of callus (p<0.01). The highest mean
percent and term viability of callus (100% after six
month) gave in treatment 7 and 8 supplemented by
0.1,0.5 mg/L 2,4-D + 0.5 mg/l KIN. Also significant dif-
ferences were recorded under different species. So the
highest mean percent and term viability of callus (100%
after six month) gave in C. pseudoheterophylla and C.
meyeri species.

Effect of different concentration of hormone, spe-
cies, culture medium on somatic embryogenesis

To evaluate the induction of somatic embryos from
medium MS and 1/2 MS were used without any hormo-
nal treatment, medium MS and 1/2 MS with concen-
trationl, 2 and 3 mg/l TDZ, medium MS and 1/2 MS
with concentration 5 to 2.5 to 0 mg/1 2,4-D and medium
MS and 1/2 MS with concentration 2.5 to 0 mg/l 2,4-D
(for two weeks) and then transferred to MS and 1/2 MS
medium (without any hormonal treatment) until the end
of the culture period (three months). The result showed
that none of the treatments and species was not show
somatic embryogenesis.
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Discussion

Callus is a dedifferentiated and unorganized mass
of parenchyma cells, produced as a result of dediffe-
rentiation from differentiated tissues and induced by
exogenous factors and growth regulators under in vitro
conditions (35,36,37,38). Regeneration from callus can
be achieved via organogenesis or somatic embryogene-
sis. Every differentiated plant tissue is totipotent, but
the conditions required for dedifferentiation varies from
species to species and even tissue to tissue within the
same plant (39). Callus cultures are useful in the am-
plification of limited plant material. In addition, plants
regenerated from long term derived callus are also a
source of somaclonal variation which results either from
an existing genetic variability or induction of mutations
as a result of application of plant growth regulators(40).
The effect of using different concentrations of 2,4-D
and NAA as auxin complemented by KIN as cytokinin
on callus induction, callus growth and percent and term
viability of callus and embryogenesis in leaf explants of
C. azarolus, C. pseudoheterophylla and C. meyeri were
investigated. Our results showed that the best callus
induction in in-vitro and ex-vitro leaves as percentage
were observed in dark conditions in MS medium sup-
plemented by 0.5 mg/L 2,4-D +0.5 mg/l KIN and 0.1
mg/L 2,4-D +0.5 mg/l KIN. In the between species the
maximum percentages of callus in the dark conditions
was absorbed in in-vitro leaves s in the C. pseudohetero-
phylla species and ex-vitro leaves was in the C.aronia
species. Cytokinins are required for callus induction
and cell division (41). Callus production depends on the
combination hormones are used and balance between
the hormones auxin and cytokinin morphogenetic fac-
tor is decisive and important (42). Callus weight, color
and structure depended on the tomato genotypes and
experimental conditions. Callus cultures constitute cur-
rently an important source of genetic variability, which
is of considerable importance in the breeding of many

species of cultivated plants. Their induction depends
on numerous factors — different for different cultivars
and species (43). Among the important factors it is also
the choice of the basic medium and culture conditions
(light or darkness). Also, the morphology of the callus
can be determined by manipulating the growth regula-
tors. Most often it depends on the auxin to cytokinin
ratio in the medium (43, 44,45). The balance between
auxin and cytokinin application is needed for callus for-
mation (46). The information regarding the effects of
various plant growth regulators as culture medium sup-
plements on Hawthorn tissue culture is lacking. In all
our experiments produced more callus when incubation
was occurred in the dark. In agreement with our results

Jaramillo and Summers (1991) (47) reported that
tomato anthers produced more callus when incubated in
the dark, whereas callus exposed to a 16-h photoperiod
browned earlier and ceased growth. Light is a very im-
portant physical factor for callus induction, cell growth
and production of plant secondary metabolites. Howe-
ver, the degree of responsibility to light is depended
on cell type, genus and species plant. In glutinous rice
cultivar TDK1, seeds cultured under light conditions
gave higher average callus formation frequency and lar-
ger average size of callus than those cultured under dark
conditions (48). Similar results were also observed in the
Indica rice cultivar RD6 (49). In Japonica rice cultivars
Nipponbare and Kitaake, cultivation of cells under light
conditions promoted higher growth than that cultivated
under dark condition (50). The differences between our
results with those previously reported are lightly due to
the difference in cell type , genus and species plant. The
type of plant growth regulators and conditions of ex-
plants incubation were found to have significant effect
on callugenesis and browning of explants.

In agreement with our results, Maharik ez a/ (2009)
(51) reported that equal levels of cytokinin and auxin
were found to induce the best callus formation. In con-
trast with our results, Alamdari and Safarnejad (2010)
(52) reported that Medium MS containing 0.1 mg/l [AA
and 1.5 mg/l BA and MS medium containing 4 mg/I
TDZ as the most suitable combination of known hor-
mone for callus hawthorn that may be different species,
time collecting and age of tree. Our result showed that
the highest mean callus fresh weight (1093.49 mg) gave
in treatment, which had almost the same proportion of
auxin and cytokinin that is in agreement with Assareh et
al (2007) (53). In agreement with our results, Chadbani
et al (2015) (54) reported that in Crataegus azarolus
(hawthorn), the supplementation of 1.0 mg/L 2,4-D and
1.0 mg/L BAP to MS medium was found to be the most
efficient for callus induction (as percentage and fresh
weigh). Based on our knowledge to date, studies have
not been conducted on somatic embryogenesis in haw-
thorn. Lioyd et al (1988) (55) reported that their organo-
genic cells contained few starch grains. Perhaps this ob-
servation could help researchers distinguish cells with
organogenic potential from recalcitrant cells. However,
regeneration of adventitious shoots or somatic embryos
are very rare occurrences in roses (56,57). A significant
literature on auxin biosynthesis, metabolism, and trans-
port in embryos that has grown out of extensive analysis
of carrot somatic embryos showed that auxin appears
to play important roles both in the induction of embryo
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development in culture and in the subsequent elabora-
tion of proper morphogenesis in embryo development
(58,60,59). The role of exogenous auxin in somatic
embryo induction appears to depend on the nature of
the explant used in the experiment. For example, peti-
ole explants (61), hypocotyl explants (62), and single
cells isolated from established suspension cultures (71).
Cytokinin such as KIN and BAP at the start of somatic
embryogenesis is useful in a number of wood species
used are usually by auxin in the environment. Analysis
reports showing that cytokinins during somatic embryo-
genesis in woody plants is minimal (63). Genotypes,
between different species have different capacity em-
bryogenesis, the genetic differences in the capacity of
embryogenesis in enabling the key elements included
in embryogenesis routes. In addition, the specific gen-
otypes may have the best capacity to regenerate their
unique needs (64). Yeung (1995) (65) described the ef-
fect of the application of external auxin induction es-
pecially 2.4-D of somatic embryogenesis. Assareh et
al (2007) (53) found that in Eucalyptus viminalis after
transferring callus culture medium containing Img/l
2.4-D was not produce embryogenic callus. Nugent and
Chandler (2001) (25) reported that do not affect 2.4-D
and other synthetic auxin in the embryo callus formation
in tissue culture. In contrast with our results, Ebadi et a/
(2001) (66) reported that the hormone - free MS suitable
medium is a culture for differentiation of somatic em-
bryos. Klimaszewska et al (2001) (67) reported that the
somatic embryogenesis success to several factors such
as species, type of genotype explants medium compo-
sition and the amount of time collecting. The age and
physiological conditions of the parent culture medium
and the right combination of hormones also affect the
success of organogenesis cell cultures (68). Absence of
pre - embryonic structures can be fine - type genotype
or combination of hormones used in the culture medium
(69). Callus induction efficiency is influenced by vari-
ous external factors (70, 71, 72). This plant can be used
as a medicinal plant else (73)

Acknowledgements

The authors wish to thank Dr. Farshad Falah for help in
technical supports. Thanks to Zagros Bioidea Co., Razi
University Incubator for all supports.

References

1. Bahorun T, Aumjaud E, Ramphul H, Maheshwaree R, Luximon
Ramma A, Trotin F, Aruoma O. Phenolic constituents and antioxi-
dant capacities of C. monogyna (Hawthorn) callus extracts. Nah-
rung/Food 2003; 47:191-198.

2. Al Abdallat A, Sawwan JS, Al Zoubi B, Agrobacterium tumefa-
ciens-mediated transformation of callus cells of Crataegus aronia.
Plant Cell Tiss Organ Cult 2011; 104: 31-39.

3. Arjmandi AA, Nazeri V, Ejtehadi H, Joharchi, MR. Review of
the genus Crataegus in the North East and East of Iran. Rostaniha
2009; 10: 1-12.

4. Potter D, Eriksson T, Evans RC, Oh S, Smedmork JEE, Morgan
DR, Kerr M, Robertson KR, Arsenault M, Dickinson TA, Campbell
CS. Phylogeny and classification of Rosaceae. Plant Systematic and
Evolution 2007; 266: 5-43.

5. Nas MN, Gokbunar L, Sevgin N, Aydemir M, Dagli M, Susluo-
glu Z. Micropropagation of mature Crataegus aronia L, a medicinal

and ornamental plant with rootstock potential for pome fruit. J Plant
Growth Reg 2012; 67: 1.57-63.

6. Bujarska-Borkowska B. Breaking of seed dormancy, germina-
tion and seedling emergence of the common hawthorn (Crataegus
monogyna Jacq). Dendrobiology 2008; 47: 61-70.

7. BartelsA.Rozmnazanie drzewikrzewowozdobnych(Propagative
of decorative trees and shrubs). PWRIL Warszawa 2002.

8. Kami D, Shi L, Sato T, Suzuki T, Oosawa K. Cryopreservation
of shoot apices of Hawthorn in vitro cultures originating from East
Asia. Scientia Hort 2009; 120: 84-88.

9. Liu P, Yang B, Kallio H. Characterization of phenolic com-
pounds in Chinese hawthorn (C. pinnatifida Bge.var.major) fruit by
high performance liquid chromatography- electrospray ionization
mass spectrometry. Food Chemistry 2010a; 121: 1188-1197.

10. Liu H, Qiu N, Ding H, Yao R. Polyphenols contents and antioxi-
dant capacity of 68chinese herbals suitable for medical or food uses.
Food Res. Int 2008; 41: 363-370.

11. Khalil R. The effect of C. aronia aqueous extract in rabbits fed
with high cholesterol diet. Euro. J. Sci. Res 2008; 22: 352-360.

12. Liu T, Cao Y, Zhao M. Extraction optimization, purification and
antioxidant activity of procyanidins from hawthorn (C. pinnatifida
Bge.var. major) fruits. Food chemistry, 119, pp.1656-1662. East
Asia. Scientia Hort 2010b; 120: 84-88.

13. Chawla HS. Introduction to Plant Biotechnology. 2™ed.USA;
Sciencs Publishers 2007.

14. Afshari RT, Angoshtari R, Kalantari S. Effects of light and
different plant growth regulators on induction of callus growth in
rapeseed (Brassica napus) genotypes plant. Omics Journal 2011 ;
4: 60-67

15. Rezaee FF, Ghanatiand L, Boroujeni Y. 'Micropropagation of Li-
sianthus (Eustoma grandiflora L.) from different explants to flowe-
ring onset'. Iranian J. Plant Physiol 2012; 3: 583-587.

16. Bahorun T, Trotin F, Vasseur J. Comparative polyphenolic pro-
duction in Crataegus monogyna callus cultures. Phytochemistry
1994; 37: 1273-1276.

17. Bach A, Pawlowska B. Effect of light qualities on cultured in
vitro ornamental bulbousplants. [In:] Floriculture, ornamental and
plant biotechnology. Advances and Topical Issues, Da Silva J.A.T
.(ed.).Global Science Books, Ltd., Japan 2006; 271-276.

18. de Arajotijo AG, Pasqual M, Rodrigues FA, Rodrigues JD, de
Castro EM, Santos AM. Crescimento in vitro de Cattleya loddige-
sii Lindl. em diferentes espectros luminosos associados com acido
giberérelico. Rev.Ceres. Vigosa 2009; 56: 542—546.

19. Halford NG.Toward two decades of plant biotechnology:success
es,failures,and prospects. Food Energy Sec 2012; 1: 9-28.

20. Raghavan V. Developmental biology of flowering plants. Sprin-
ger-Verlag, NewYork 2008.

21. Quiroz-Figueroa FRR, Rojas-Herrera RM, Galaz-Avalos VM,
Loyola-Vargas V. Embryo production through somatic embryogene-
sis can be used to study cell differentiation in plants. Cell Tiss Organ
Cult 2006; 86: 285-301.

22. Zimmerman JL. Somatic embryogenesis: a model for early deve-
lopment in higher plants. Plant Cell 1993; 5: 1411-1423.

23. Komamine A, Murata N, Nomura K. Mechanisms of somatic
embryogenesis in carrot suspension cultures — morphology, bio-
chemistry and molecular biology. In vitro Cellular & Develop. Biol
Plant 2005; 41: 6-10.

24 Laux T, Jugens G. Embryogenensis: new start in life. Plant Cell
1997; 9: 989-1000.

25. Nugent G, Chandler SF. Somatic embryogenesis in Eucalyptus
globules. Plant Cell, Tissue and Organ Culture 2001; 67: 85-88.

26. Murashige TT, Skoog F. A revised medium for rapid growthand
bio assay with tobacco tissue cultures. Physiol Plant 1962; 15: 473-
497.

105



N. Taimori et al. 2016 | Volume 62 | Issue 11

Callus induction in Crataegus spp.

27. Perrin M, Martin D, Joly D, Demangeat G, This P, Masson JE.
Medium-dependent response of grapevine somatic embryogenic
cells. Plant Sci 2001; 161: 107-116.

28. Gary DJ, Compton ME. Grape somatic embryo dormancy
and quiescence: potential of dehydrated synthetic seeds for germ-
plasm conservation.In: Redenbaugh K(ed) synseeds, Application of
synthetic Seeds to Crop Improvement.CRC Press Inc, Boca Raton
1993; 12: 367-379.

29. Steward FC. Growth and development of cultivated cells. III.
Interpretations of the growth from free cell to carrot plant. Am. J.
Botany 1958; 45: 709-713.

30. Olahe R, Zok A, Andrezej P, Sussane H, Laszlo G, Kovacs, G.
Somatic embryogenesis in broadspectrum of grapevine genotypes.
Scientia Horticulture 2008; 120: 134-137.

31. Chawla H S. Introduction to plant biotechnology, 2" Edition,
Science Publishers INC, New Hampshire, United States of America
2002; 528 p.

32. George EF, Hall MA, De Klerk GJ. Plant Propagation by Tissue
Culture 3rd Edition, Vol. 1. Springer, Dordrecht,The Netherlands
2001; 23: 501-507.

33. Park WT, Kim YK, Udin MR, Park NII, Kim SG, Young L, Park
SU. Somatic embryogenesis and plant regeneration of lovage (Levis-
ticum officinale Koch). Plant Omics J 2010; 3: 159-161.

34. Alam I, Sharmin SA, Naher MK, Alam MJ, Anisuzzaman M,
Alam MF. Effect of growth regulators on meristem culture and
plantlet establishment in sweet potato. Plant Omics J 2010; 3: 35-39.
35. Esmaeili F, Kahrizi D, Mansouri M, Yari K, Kazemi N, Ghaheri
M. Cell dedifferentiation in Stevia rebauiana as a pharmaceutical
and medicinal plant. J Rep Pharma Sci 2016; 5: 12-17.

36. Soorni J, Kahrizi D. Effect of genotype, explant type and 2,4-D
on cell dedifferentiation and callus induction in cumin (Cuminum
cyminum L.) medicinal plant. J] Appl Biotechnol Rep. 2015; 2: 265-
270.

37. Minaei H, Kahrizi D, Zebarjadi A. Effect of Plant Growth Re-
gulators and Explant Type upon Cell Dedifferentiation and Callus
Induction in Chickpea (Cicer arietinum L.). ] Appl Biotechnol Rep
2015; 2: 241-244.

38. Kabhrizi D, Cheghamirza K, Akbari L, Rostami-Ahmadvandi H.
Effects of magnetic field on cell dedifferentiation and callus induc-
tion derived from embryo culture in bread wheat (7riticum aestivum.
L) genotypes. Mol Biol Rep 2103; 40: 1651-1654.

39. Ezhova TA. Genetic control of totipotency of plant cells in vitro.
Ontogenez 2003; 34: 245-252.

40. Kahrizi D, Arminian A, Masumi Asl A. Second edition. In vitro
Plant Breeding, Razi University Press 2011.

41. Minocha SC. Plant growth regulators and morphogenesis in
cell and tissue culture of forest trees, In: Cell and Tissue Culture
in Forestry, General Principles and Biotechnology, JM Bonga and
DJ Durzan(Ads.) Martinus Nijhoff Publishers, Dordrecht 1987; 33:
50-66.

42. Abbasi B, Saxena PK, Murch SJ, Liu CZ. Echinacea biotech-
nology: Challenges andopportunities. /n vitro Cell. Dev. Biol-Plant
2007; 43: 481-492.

43. Brown JT. The initiation and maintenance of callus cultures. 6.
[in:] Pollard J.WWalkerJ.M.(eds.) Plant Cell and Tissue Cultures.
Methods in Molecular Biology. Humana Press, Clifton, NewJersey
1990; 54: 57-64.

44. Monnier M. Induction of embryogenesis in callus culture.
in: Pollard J.W.,Walker].M.(eds.)Plant Cell and Tissue Cultures.
Methods in Molecular Biology. Humana Press,Clifton, New Jersey
1990; 10: 147-148.

45. Skuci_ska B. Metoda kultury in vitro. 2. [w:] Malepszy S.(red).
Biotechnologia ro_lin. PWN, Warszawa 2001; 23: 26-28.

46. Rout GR.'Effect of cytokinins and auxin on micropropagation of

Clitoria ternatea L..Biology Letters 2004; 41: 21-26.

47. Jaramillol J, Summers WL. Dark-light treatments influence
induction of tomato anther callus. Hortscience 1991; 26: 915-916.
48. Thadavong S, Sripichitt P, Wongyai W, Jompuk P. Callus Induc-
tion and Plant Regeneration from Mature Embryos of Glutinous
Rice (Oryza sativa L.) Cultivar TDK1. Kasetsart J. Nat. Sci 2002;
36: 334-344.

49. Pipatpanukul T, Bunnag S, Theerakulpisut P, Kosittrakul M.
Transformation of Indica. Rice (Oryza sativa L.) cv. RD6 Mediate
by Agrobacterium tumefaciens. Songklanakarin J. Sci. Tech 2004;
26: 1-13.

50. Toki S. Rapid and Efficient Agrobacterium-Mediated Transfor-
mation in Rice. Plant Mol Biol Rep 1997; 15: 16-21.

51. Maharik N, Elgengaihi S, Taha H. Anthocyanin production in
callus cultures of Crataegus sinaica boiss. November - Int J Acad
Res. 2009; 1: 30-34.

52. Alamdari SBL, Safarnejad A. Effect ofgrowth regulators on tis-
sue culture of hawthorn (Crataegus spp.). Proc Fifth Nat Conf New
Ideas in Agr. Esfahan 2010; 1: 66-69.

53. Assareh MH, Jaimand K, Rezaee MB. Chemical compositions
of the essential oils of six Eucalyptus species (Myrtaceae) from
South West of Iran. J Essent oil Res 2007; 19: 8-17.

54. Chadbani G, Tabart J, Kevers C, Dommes J, Ishfaq M, Sonia
K, Lotfi Z, Mokhtar C, Najoua L, Bouraoui K. Effects of 2,4-di-
chlorophenoxyacetic acid combined to 6-Benzylaminopurine on
callus induction, total phenolic and ascorbic acid production, and
antioxidant activities in leaf tissue cultures ofCrataegus azarolus L.
var. Aronia. Acta Physiologiae Plantarum 2015; 37: 16-22.

55. Lioyd D, Roberts AV. Short KC. The induction /n vitro adventi-
tious shoots in Rosa. Euphytica 1988; 37: 31-36.

56. Skirvin RM, Chu MC. Invitro culture of Forever Yours rose.
HortScience 1995; 14: 608-610.

57. Hsia C. Regeneration and genetic transformation of rose and
evergreen azalea. PhD.Thesis. University of Illinois at Urbana-
Champaign 1995.

58. Schiavone FM, Cooke TJ. Unusual patterns of somatic em-
bryogenesis in the domesticated carrot: Developmental effects of
exogenous auxins and auxin transport inhibitors. Cell Diff 1987; 21:
53-62.

59. Michalczuk L, Cooke TJ, Cohen JD. Auxin levels at different
stages of carrot somatic embryogenesis. Phytochem 1992a; 31:
1097-1103.

60. Michalczuk L, Ribnicky DM, Cooke TJ, Cohen JD. Regulation
of indole-3-acetic acid biosynthetic pathways in carrot cell cultures.
Plant Physiol 1992b; 100: 1346-1353.

61. Ammirato PV. Patterns of development in culture. In Tissue
Culture in Forestry and Agriculture, R.R. Henke, K.W. Hughes,
M.P.Constantin, and A. Hollaender, eds (New York: Plenum Press)
1985b; 24: 9-29.

62. Kamada H, Harada H. Studies on organogenesis in carrottissue
cultures. 1. Effects of growth regulators on somatic embryogenesis
and root formation. Z. Pflanzenphysiol 1979; 91: 255-266.

63. Dunstan D, Tavtorus TE. Somatic embryogenesis in woody
plants. In vitro embryogenesis in plants 1995; 54: 471-538.

64. Thorpe TA. In vitro Embryogenesis in Plants. Kluwer Academic
Publisherrs, Dordrecht. Chapter Five 1995.

65. Yeung EC. Structural and developmental patterns in somatic
embryogenesis. In: Thorpe, T.A.,(ed.) In vitro Embryogenesis in
Plants. Kluwar Academic Publishers, Dordrecht 1995; 12: 205-248.
66. Ebadi A, Mahmoud A, Myrmsvmy M, Omide M. Grape plant re-
generation via somatic embryogenesis using explants perfect flower.
Gardening J 2011; 25: 417-424.

67. Klimaszewska K, Park YS, Overton C, Maceacheron I, Bonga
JM. Optimized somatic embryogenesis in Pinus strobus L, In vitro

106



N. Taimori et al. 2016 | Volume 62 | Issue 11

Callus induction in Crataegus spp.

Cell Develop Biol-Plant 2001; 37: 392-399.

68. Hussain A, Qarshi IM, Nazir H, Uliah I, Rashid M, Shinwari
ZKH. In vitro callogenesis and organogenesis in Taxus wallichiana
zucc.the Himalayan yew. Pak J Botany 2016; 45: 1755-1759.

69. Syed Tabatabai A. Plant Cell and Tissue Culture. Tehran Univer-
sity Press 2009.

70. Junaid A, Mujib A, Bhat MA, Sharma MP, Samaj J. Somatic
embryogenesis and plant regeneration in Catharanthus roseus. Bio-
logical Plantarum 2007; 51: 641-646.

71. Nomura K, Komamine A. Identification and isolation of single

cells that produce somatic embryos at a high frequency in a carrot
suspension culture. Plant Physiology 1985; 79: 988-991.

72. Pakseresht G, Kahrizi D, Mansouri M, Ghorbani T, Kazemi N.
Study of Callus Induction and Cell Culture to Secondary Metabolite
Production in Hyssopus officinalis L. J Rep Pharma Sci 2016; 5:
104-111.

73. Kazemi E, Ethnobotanical and ethnopharmacological study in
the practice of traditional and village midwifery. Biol Environ Agr
Sci 2016; 1(1): 58-62.

107



